Background-Late stent malapposition (LSM) after drug-eluting stent (DES) implantation has not been evaluated sufficiently in real-world practice. Methods and Results-We evaluated the incidence, mechanisms, predictors, and long-term prognosis of LSM after DES implantation in 557 patients (705 native lesions; sirolimus-eluting stent in 538 lesions and paclitaxel-eluting stent in 167 lesions) in whom intravascular ultrasound was performed at index and 6-month follow-up. LSM occurred in 82 patients with 85 lesions (12.1% overall, 95% CI 9.7% to 14.5%, 71 lesions (13.2%) in sirolimus-eluting stents and 14 lesions [8.4%] in paclitaxel-eluting stents, Pϭ0.12]; the incidence was 25.0% (4/16) after directional coronary atherectomy before stenting, 27.5% (14/51) in chronic total occlusion lesions, and 31.8% (7/22) after primary stenting in acute myocardial infarction (Pϭ0.13, PϽ0.001, and Pϭ0.001, respectively, versus elective stenting with conventional balloon predilation, 9.7% [60/616]). There was an increase of external elastic membrane area (from 17.1Ϯ3.6 to 21.4Ϯ4.8 mm 2 , PϽ0.001) that was greater than the increase in plaque area (from 9.3Ϯ2.5 to 10.5Ϯ2.7 mm 2 , PϽ0.001). Independent predictors of LSM were total stent length, primary stenting in acute myocardial infarction, and chronic total occlusion lesions. Except for 1 death in the non-LSM group, there were no major adverse cardiac events in either LSM or non-LSM patients during a mean 10-month follow-up after detection of LSM. Conclusions-LSM occurs in 12% of cases after DES implantation. The predictors of LSM are total stent length, primary stenting in acute myocardial infarction, and chronic total occlusion lesions. LSM after DES implantation was not associated with any major adverse cardiac events during a subsequent 10-month (mean) follow-up. 
S
everal studies have reported late stent malapposition (LSM) in 4% to 5% of patients after bare-metal stent (BMS) implantation. [1] [2] [3] Although drug-eluting stents (DESs) dramatically reduce in-stent restenosis, there may be an increased frequency of LSM on follow-up intravascular ultrasound (IVUS) examination. 4, 5 The primary aims of the present study were (1) to determine the incidence of LSM after DES implantation in a large, real-world practice of coronary intervention that included complex lesion subsets and (2) to evaluate the clinical impact of LSM on long-term prognosis (major adverse cardiac events [MACE] ). Secondarily, we also sought to identify the mechanisms and the clinical, angiographic, and IVUS predictors of LSM in these patients.
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Methods
Study Population
From the Asan Medical Center clinical and core IVUS laboratory database, we identified 557 patients with 705 native lesions who underwent DES implantation into de novo lesions with IVUS imaging at index and 6-month follow-up (mean interval 6.1Ϯ2.1 months). Sirolimus-eluting stents (Cypher stent, Cordis/Johnson and Johnson) and paclitaxel-eluting stents (TAXUS stent, Boston Scientific Corp) were used in 538 and 167 lesions, respectively. All patients undergoing DES implantation at Asan Medical Center were requested to have a 6-month follow-up angiogram; in addition, IVUS was performed at 6-month follow-up in patients in whom IVUS had been previously performed at baseline.
Primary stenting of the infarct-related culprit lesion in acute myocardial infarction (MI) patients was performed within 12 hours after symptom onset. Chronic total occlusion (CTO) lesions were defined by the absence of antegrade flow or only minimal flow of contrast distal to the occlusion (Thrombolysis In Myocardial Infarction [TIMI] flow grade 0 or 1) 6 ; the duration of the total occlusion as estimated by clinical information, sequential angiographic information, or both was Ͼ1 month in all CTO patients.
All patients received a 300-mg loading dose of clopidogrel followed by clopidogrel 75 mg/d for 6 months and aspirin 200 mg/d indefinitely. Cilostazol 200 mg/d for 3 to 6 months after DES implantation was additionally prescribed in 16 patients (20%) with LSM and 74 (16%) without LSM (Pϭ0.5). 7 Fifty-one LSM patients (62%) and 283 non-LSM patients (60%; Pϭ0.8) continued to receive clopidogrel 75 mg/d for 5.4Ϯ4.1 and 5.1Ϯ4.2 months, respectively (Pϭ0.5), beyond the 6-month angiogram.
Definition of MACE and Clinical Follow-Up
Long-term (ie, beyond 6-month) clinical follow-up data were obtained from outpatient record reviews or telephone interviews. Death was classified as cardiac versus noncardiac. MI was defined as an elevation of the MB fraction of creatinine kinase to a value 3 times the upper limit of the normal range. Target-lesion revascularization was repeat percutaneous or surgical intervention of the stented lesion. MACE was defined as death of cardiac origin, MI, and target-lesion revascularization. All patients were followed up for a minimum of 4.0 months (range 4.0 to 20.3 months) after the 6-month follow-up angiogram and IVUS, except for 1 sudden death in a patient without LSM.
IVUS Imaging and Analysis
Poststenting and 6-month follow-up IVUS imaging were performed after intracoronary administration of 0.2 mg of nitroglycerin with a motorized transducer pullback system (0.5 mm/s) and a commercial scanner (SCIMED) that consisted of a rotating 30-or 40-MHz transducer within a 3.2F or 2.6F imaging sheath.
LSM was defined as separation of at least 1 stent strut from the intimal surface of the arterial wall that was not overlapping a side branch, was not present immediately after stent implantation, and had evidence of blood flow (speckling) behind the strut. 1 Postprocedural incomplete stent apposition was classified into 2 groups: (1) resolved, incomplete apposition present after the procedure but no longer present at 6-month follow-up and (2) persistent, incomplete apposition present both after the procedure and at 6-month follow-up. 5 Qualitative analysis was performed as follows. First, we reviewed all 705 follow-up IVUS tapes to identify cases of stent malapposition. Second, index (poststenting) and follow-up IVUS tapes were reviewed side-by-side to discriminate cases in which incomplete stent malapposition existed immediately after stent implantation. This included independent review of index and follow-up IVUS studies by 2 of the authors (M.-K.H. and Y.-H.K.).
Using computerized planimetry, we performed quantitative IVUS analysis at (1) LSM sections, (2) postprocedural incomplete stent apposition sections, (3) stented segments with complete late apposition, and (4) reference segments. Quantitative measurements included external elastic membrane (EEM), lumen, and stent crosssectional areas (CSA) at stented and reference segments; EEM, stent, plaque and media (P&M), intrastent lumen, intimal hyperplasia, and LSM CSA at LSM sections; and incomplete stent apposition CSA at postprocedural incomplete stent apposition sections. 8 LSM CSA was measured every 1 mm within LSM sections; LSM volumes were calculated with Simpson's rule.
Quantitative Coronary Angiographic Analysis
With the guiding catheter for magnification-calibration and an online system (ANCOR version 2.0, Siemens), minimal luminal diameter (MLD) of the lesion and diameters of the reference segments were measured before and after stenting and at 6-month follow-up.
Statistical Analysis
Statistical analysis was performed with the SPSS software program (SPSS Inc). Categorical data are presented as frequencies and compared with 2 statistics or Fisher's exact test. Continuous variables are presented as meanϮSD and compared with unpaired or paired Student t test or Mann-Whitney U test and correlation coefficients. Event-free survival was analyzed with the KaplanMeier method, and the corresponding probability value was obtained from log-rank test. A probability value Ͻ0.05 was considered statistically significant.
A subgroup analysis of electively stented lesions after only conventional balloon predilation was also performed because this represents the typical strategy for the majority of lesions undergoing percutaneous coronary intervention. These lesions were not treated by unusual coronary interventions (ie, directional coronary atherectomy [DCA] before stenting) or in unusual clinical situations (acute MI or CTO lesions). This analysis was similar to our previous BMS study. 2 Sirolimus-versus paclitaxel-eluting stents were also compared.
Multiple stepwise logistic regression analysis was performed to assess independent predictors for LSM. To identify the independent predictors of LSM, the clinical, angiographic, and IVUS variables were entered into per-lesion models. To analyze the impact of LSM on long-term prognosis, only 1 lesion per patient was included: that with LSM for patients who had LSM and that with the most unfavorable characteristics for occurrence of adverse events for patients without LSM.
Results
LSM was documented in 85 lesions in 82 patients (12.1% overall, 95% CI 9.7% to 14.5%): 71 (13.2%, 95% CI 10.3% to 16.1%) of lesions treated with sirolimus-eluting stents and 14 (8.4%, 95% CI 4.2% to 12.6%) of lesions treated with paclitaxeleluting stents (Pϭ0.12). Baseline clinical and angiographic characteristics comparing LSM and non-LSM are shown in Tables 1 and 2 , respectively. Preintervention quantitative coro- nary angiography (QCA) MLD was significantly smaller and total stent length was significantly longer in the LSM group than in the non-LSM group. Compared with the non-LSM group, there was more primary MI stenting and treatment of CTO lesions in the LSM group and a tendency for more prestenting DCA in the LSM group. After baseline characteristics (listed in Tables 1 and 2) were adjusted among subgroups, compared with the frequency of LSM in lesions that were treated with conventional balloon predilation and elective stenting (9.7%, 95% CI 7.4% to 12.1%, 60/616), LSM occurred in 7 (31.8%, 95% CI 12.4% to 51.3%) of 22 lesions that underwent primary stenting in acute MI (Pϭ0.001), in 14 (27.5%, 95% CI 15.2% to 39.7%) of 51 CTO lesions (PϽ0.001), and in 4 (25.0%, 95% CI 10.3% to 46.2%) of 16 lesions treated with prestenting DCA (Pϭ0.13).
Poststenting QCA and IVUS findings comparing lesions with and without LSM are also shown in Table 2 . At follow-up, QCA MLD was larger in the LSM group (2.7Ϯ0.5 versus 2.5Ϯ0.7 mm, Pϭ0.025).
In the subgroup of elective stenting after conventional balloon predilation (nϭ616), angiographic findings and poststenting IVUS measurements comparing lesions with and without LSM are shown in Table 3 . Preintervention QCA MLD was also significantly smaller and total stent length was significantly longer in the LSM group than in the non-LSM group.
The location of LSM was at the edge (within 5 mm from stent margin) in 14 lesions (16%; 12 proximal and 2 distal; 12 sirolimus-eluting stents and 2 paclitaxel-eluting stents) and within the body of the stent in 71 lesions (84%; 59 sirolimuseluting stents and 12 paclitaxel-eluting stents). Poststenting and follow-up IVUS measurements at the LSM segment are shown in Table 4 . The maximum CSA and arc of LSM measured 3.0Ϯ1.9 mm 2 and 130Ϯ35°, respectively. The maximum number of stent struts and maximum distance between stent struts and intima/lumen border were 2.9Ϯ1.2 and 1.3Ϯ0.4 mm, respectively. There was an increase of EEM CSA (from 17.1Ϯ3.6 mm 2 after implantation to 21.4Ϯ4.8 mm 2 at follow-up, PϽ0.001) and an increase of P&M CSA (from 9.3Ϯ2.5 mm 2 after implantation to 10.5Ϯ2.7 mm 2 at follow-up, PϽ0.001). The increase in EEM was greater than the increase in P&M (PϽ0.001). LSM CSA correlated directly with the increase in EEM CSA (rϭ0.882, PϽ0.001).
Predictors of LSM
Stepwise multiple logistic regression analysis was performed to determine independent predictors of LSM. The following variables were tested (all with PϽ0.2 in univariate analysis): 
Comparison Between Sirolimus-and Paclitaxel-Eluting Stents
Baseline angiographic characteristics and IVUS measurements between sirolimus-versus paclitaxel-eluting stents are shown in Table 5 ; there were no significant differences. At follow-up, there was a tendency for a smaller increase in EEM CSA (Pϭ0.19) and a statistically smaller increase in P&M CSA and intimal hyperplasia CSA in sirolimus-eluting stents (Pϭ0.016 and 0.029, respectively; Table 6 ).
Postprocedural Incomplete Stent Apposition
Postprocedure incomplete stent apposition was observed in 51 lesions (7.2%; 47 sirolimus-eluting stents and 4 paclitaxel-eluting stents; 50 proximal stent edge and 1 distal stent edge). Incomplete stent apposition persisted in all 51 lesions at 6-month follow-up. Poststenting and follow-up IVUS measurements at this segment are shown in Table 7 . In these lesions, there were consistent increases in both EEM and P&M CSA, although the size of the incomplete apposition segment did not change. There were no MACEs (including target-lesion revascularization) in these patients with postprocedure incomplete stent apposition who had an average follow-up of 16.6Ϯ4.0 months after DES implantation.
Long-Term Follow-Up
At 6 months, target-lesion revascularization was necessary in 20 patients with 22 lesions in the non-LSM group but in none of the LSM patients (Pϭ0.095); 5 non-LSM patients also required revascularization of a nontarget lesion. Therefore, 542 patients with 683 lesions were eligible for long-term (beyond 6 months) clinical follow-up. The mean duration of long-term clinical follow-up after the 6-month angiogram was 10.9Ϯ4.4 and 10.1Ϯ3.9 months in the LSM and non-LSM groups, respectively (Pϭ0.1). One patient in the non-LSM group died suddenly 2.6 months after the 6-month follow-up angiogram. Except for this 1 death in a non-LSM patient, there was no other MACE beyond 6 months in either group. There was no significant difference in event-free survival rate between the 2 groups (log-rank probability valueϭ0.67).
Discussion
In this retrospective analysis of 705 native lesions treated with DES implantation and studied with postimplantation and follow-up IVUS, we found 85 lesions (12.1%) with LSM at 6-month followup, in 13.2% of sirolimus-eluting stents and 8.4% of paclitaxeleluting stents. Total stent length, primary stenting in acute MI, and CTO lesions were independent predictors of LSM. Long-term clinical follow-up was available for a mean of 10.2 months after detection of LSM; compared with non-LSM patients, patients with LSM showed similarly favorable outcomes. In particular, LSM was not associated with any subsequent events. A higher incidence of stent malapposition at follow-up was reported in the sirolimus-eluting stent group than in the BMS group in the RAVEL trial. 4 However, the true incidence of LSM could not be determined because postprocedural IVUS was not performed. 4 A recent IVUS substudy of the TAXUS II trial reported a statistically similar incidence of LSM between paclitaxel-eluting stents (8.0% to 9.5%) and BMS (5.4%). 5 In the TAXUS IV IVUS substudy, however, there was a lower incidence of LSM than in TAXUS II in both groups (1.1% and 2.2%, respectively). 9 Because complex lesions that included very long lesions, CTOs, and thrombotic lesions were excluded in the previous randomized trials, the actual incidence of LSM in a real-world daily practice could not be determined. In the present study of real-world patients, the actual incidence of LSM at a 6-month follow-up after DES implantation appeared to higher than in the randomized trials and appeared to be higher than in BMS-treated patients.
Mechanism of LSM
In the present study, the main cause of LSM was an increase in EEM out of proportion to the increase in peristent P&M; as shown in Table 4 , the increase in EEM was greater than the modest increase in P&M CSA (Table 4) , and LSM CSA correlated directly with the increase in EEM CSA. These findings are similar to previous studies of LSM after BMS implantation, 1,2,10 although the magnitude of the vascular response appears to be different. However, these findings are somewhat (but not entirely) different from those reported by Tanabe et al. 5 Tanabe et al also reported that the cause of LSM was a significant increase in EEM CSA, but they did not find a difference between P&M CSA at follow-up compared with postimplantation. 5 The present study included 71 sirolimuseluting and 14 paclitaxel-eluting stents with LSM; the study by Tanabe et al only included paclitaxel-eluting stents. Furthermore, 11 of 19 LSM segments in the study by Tanabe et al were of the moderate-release preparation. However, most importantly, both studies showed that the main cause of LSM was positive remodeling (an increase in EEM), not a decrease in plaque mass. When the sirolimus-and paclitaxel-eluting stents were compared, sirolimuseluting stents with LSM had a smaller increase in EEM and P&M CSA, which suggests that the mechanism of LSM in sirolimuseluting stents was a greater suppression of peristent neointimal hyperplasia (supported by the smaller amount of intrastent neointimal hyperplasia), whereas the mechanism of LSM in paclitaxeleluting stents was a greater amount of peristent positive remodeling (Table 6 ).
Predictors of LSM
Our previous study showed that primary stenting in acute MI and prestent DCA were independent predictors of LSM after BMS implantation. 2 The IVUS substudy of TAXUS II reported that predictors of LSM after paclitaxel-eluting stent implantation were lesion length, unstable angina, and absence of diabetes. 5 In the present study, independent predictors of LSM after DES implantation were total stent length, primary stenting in acute MI, and CTO lesions. Because very long lesions are typically treated by multiple overlapping DESs, total stent length in the present study and lesion length in the previous study 5 shared similar concepts. The incidence of LSM after primary stenting in acute MI was 11.5% after BMS implantation in the previous study 2 and 31.8% after DES implantation in the present study. Compared with elective DES implantation, a higher incidence of LSM in acute MI patients might be explained by abluminal thrombus resolution 2 after primary stenting in acute MI patients. TAXUS II did not include acute MI patients, but thrombus dissolution may have also been important in unstable angina. The incidence of LSM in CTO lesions was 27.5% in the present study. Subintimal passage of the guidewire, creation of a false lumen, or stenting of the false lumen may result in injury to the adventitial layer during DES implantation of CTO lesions, contributing to LSM. Prestent DCA was an independent predictor of LSM in BMS implantation. 2, 3 Although pre-DES DCA did not achieve statistical significance because of the small number of prestent DCA lesions, the incidence of LSM was 25.0% in the present study. Therefore, when a DES is implanted after DCA, a positive synergistic effect of LSM with DCA and DES on LSM should be expected. In the univariate statistical analysis of the present study, preintervention QCA MLD was significantly smaller in the LSM group than in the non-LSM group. This finding was consistent with our previous report of predictors of LSM after BMS implantation. 2 The common denominator may be vessel injury. Larger balloons or higher pressures may be necessary to optimize results after stenting of lesions with smaller or tighter MLDs. 2 
Postprocedural Incomplete Stent Apposition
The incidence of postprocedural incomplete stent apposition after DES was 7.2% in the present study, similar to the previous TAXUS II IVUS substudy. 5 However, unlike the present study, the TAXUS II IVUS substudy showed Ͼ50% resolution of postprocedure incomplete stent apposition at follow-up. 5 The reasons for this difference are unclear. In the present study, almost all postprocedural incomplete stent apposition was at the proximal edge of the stent; incomplete stent apposition within the body of the stent was typically resolved before the end of the procedure by additional balloon inflations. In order for incomplete apposition at the proximal edge of the stent to resolve, there would have to be plaque progression or negative remodeling at the proximal edge, something that was not observed in the present study. However, importantly, the long-term prognosis of persistent incomplete stent apposition was favorable in the present study, similar to the TAXUS II IVUS substudy. 5 
Long-Term Follow-Up After Detection of LSM
Previous studies have suggested that compared with non-LSM groups, LSM was not associated with any MACE after BMS
